Spectral Study on Solar Radio Bursts in the Microwave-millimeterwave Transition by Das, T K & Sarkar, H
Indian J. Phys. 76B (5), 615-618 (2002)
U P  B
— an international journal
Spectral study on solar radio bursts ^  the microwave-millimeterwave
transitibn
T K Das* and pfSarkar
Centre for Advanced Studies in Microwave &  Millimetcrwavc tfechnology, Institute of Radio Physics &  Electronics,
92. A. P. C. Road, Kolkat^700 009. India 
E-niail: tusharkd@cucc.emet.in
Received 27  November 2001, accepted 24 May 2002
Abstract : In order to evaluate tlie spectra of solar radio bursts in the microwave-mi Himeterwave transition region, the multifrcqiiency burst data 
of Berne observatory have been used, fhe bursts give spectral nature which resemble inverted-U (lU), increasing (I), decreasing (D), U and Zigzag 
types The spectral peak of these spectra occur at 11 8 GHz in most of the cases. The directivity and optical thickness of the absorbing layer above 
the source of bursts are detcmiined The results arc discussed in light of the dilTcrcnt emission and absorption mechanisms responsible for the generation 
of radio bursts.
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1. Introduction
Spectra of continuum type sporadic radio emission in different 
ranges of wavelength were investigated by various workers 
from time to time [1-4]. But recent thrust of research on 
solar radio burst spectral study encompasses mainly the 
millimeter wave band [5-9]. Millimeter-wavelength emission 
from solar flares has its great importance, as it acts as an 
alternative to the space-based gamma-ray observations. It is 
because, the emission in both millimeterwave and gamma- 
ray regions of the electromagnetic spectrum are closely 
linked with each other, as it is believed that the same 
population of electrons are responsible for both of these two 
kinds of emission [10,11]. But only large flares are 
accompanied by both millimeter and gamma-ray emission. 
As the large flares occur rarely in the f olar atmosphere, the 
probability of getting millimetric burs  ^ data is not so high. 
So we have, in this present paper, analysed the spectra of 
solar radio bursts which occur simultaneously in a wide 
frequency band covering the microwave-millimeterwave 
transition region only. This study would help us to know 
the physical characteristics of the source region, as well as,
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to have an understanding about the process of emission in 
the said wavelength region.
2. Method of analysis
About 200 multifrequency bursts data which were available 
at least six of the observed frequencies 3,2, 5.2, 8.4, 10.4, 
11.8, 19.6, 35 and 92.5 GHz by Berne observatory during 
the period 1980-1990 were collected from the Solar 
Geophysical Data bulletins issued by NOAA, USA. In each 
of the burst events, the peak fluxes in all the frequencies 
of observations occur generally at the same instant of time, 
and thus the spectra plotted for these events correspond to 
the real instantaneous spectra. The observed peak flux values 
at various frequencies of a particular burst event were 
normalised with respect to the greatest value of peak flux 
(where spectral peak occurs) observed for the same event. 
This procedure helps us to draw the spectra of different 
events in the same scale of the graph paper. The normalised 
spectra, thus obtained for 200 burst events, were roughly 
drawn for examining the spectral shape, as well as, for 
determining the spectral peaks. After inspecting all these
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spectra, the events giving similar nature of spectral shape 
were grouped together and the average spectra of different 
shapes were redrawn.
In this respect it is to be mentioned that in each of the 
burst-events the selected frequency emission in at least seven 
of the eight frequencies started generally within 2 min from 
each other. Moreover, in drawing the spectra, the data of 
a particular Radio observatory have only been considered in 
order to avoid the intrusion of error in the given flux densities 
due to the use of different time constants of receivers, to the 
differences or deficiencies of the calibration systems used 
by different observatories.
3. Results
Determination of spectral shape and peak .
The average spectra can be grouped into five categories, 
such as, Inverted-U (lU type). Intensity Decreasing with 
frequency (D type) and Increasing with frequency (I type), 
U and Zigzag types. It is examined that IIJ type of spectral 
nature predominates over other types, such as, D, 1, U and 
Zigzag types. Out of these five types of spectra, the nature 
of three types of spectra which occurred large in number, 
are shown in Figure 1. All the spectra falling into the
Figure 1. Average spectra in the microwave millimeterwavc region. 
lU type □ . I type ▲ and D type A.
category, such as, lU, and Zigzag types exhibit spectral peak 
around 11.8 GHz. But I and D types of spectra do not show 
any peak upto the frequency 92.5 GHz beyond which no 
observational data are available. The bursts showing U t ^ e  
of spectra give spectral minima in the vicinity of 11.8 GHz.
Determination o f intensity distribution :
The occurrence frequency distribution or the intensity 
distribution of bursts is defined as
/ ( /o )  -  zW /4/o.
where tsN gives the number of bursts in the peak flux interval 
A/q. In order to find out such distribution function the peak 
fluxes of the radio bursts are divided into some convenient 
ranges of peak flux values and the number of events in those 
adopted ranges are counted. After dividing the number ot 
events by the respective intervals of peak flux, we get the 
function/(/q). This function is plotted against the mid values 
of the respective peak flux ranges as shown in Figure 2. The 
distribution function / ( / q) is found to obey the following 
relationship :
/ ( / o ) - / o A - U .
In this connection, it is to be mentioned that the occurrence 
of large bursts goes nearly as inverse of their flux density.
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Figure 2. Straight line in the log-log scale represent peak (lux distribution of 
bursts at 11 8 GHz and 35 GHz
Longitude distribution of bursts :
In order to find out the directivity of the radio bursts, the 
longitude distribution of the bursts is determined after 
grouping the burst events in different ranges of longitudes 
This sort of grouping was done for the bursts occurring at 
each of the frequencies of observation stated earlier. As the 
distribution is almost similar in nature at all the frequencies, 
we have presented in Table 1 the results for three frequencies 
covering the microwave-millimeterwave region.
Tabic 1. Longitude distribution of bursts
Longitude (^) in degrees N {6) in % for the frequency
3.2 GHz 1L8 GHz 92.5 GHz
0-30‘» 42 41 40.8
31-60** 34 38 37 4
61-90“ 24 21 21 8 _
Calculation o f optical thickness :
Following Akabane’s analysis [12], the directivity of bursts 
was determined from die Intensity distribution and longitude 
distribution of bursts. The optical diickness of the absorbing
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layer above the source region of a burst event is calculated 
after knowing the directivity which is regarded as due to 
attenuation caused by absorbing layer above the source of 
a burst. The values of optical thickness are examined to be 
the same (of the order of 0.6) in all the frequencies under 
consideration. This helps us to conclude that the radio 
sources have uniform characteristics with respect to optical 
thickness.
P ro m p t a n d  d e l a y e d  h u r s ts  :
The times of maximum intensity of 8.4 GHz and 35 GHz 
bursts are compared with those of 11.8 GHz. It is examined 
that in most of the cases, the times of maximum of 8.4 GHz 
bursts are behind (51% cases) that of 11.8 GHz, whereas, 
the times of maximum of 35 GHz bursts are ahead (56% 
cases) of that at 11.8 GHz [Figures 3(a) and 3(b)], It is 
observed that the starting times of 8.4, 11.8 and 35 Gllz 
bursts are the same in 80% cases [Figure 3(c) and 3(d)j.
Time difference (min)
Figure 3. Number of bursts drawn against the time difference (a) between 
the maxima of 11.8 GHz and 35 GHz, (b) between the maxima of 11 8 (jHz 
and 8.4 GHz, (c) between the starting times off I 8 GHz and 35 GHz, and 
(d) between the starting times of 11.8 GHz and (iA  (jHz.
4. Discussion
The nature o f average spectra in the microwave- 
inillimeterwave region helps us to draw the following 
conclusions : (i) most of the bursts give spectral nature of 
Inverted U type with a peak around 11.8 GHz, (ii) the bursts 
under study have uniform characteristics in respect of their
o p tic a l th ic k n e ss , th is  h o ld s  g o o d  fo r th e  b u rs ts  at a ll th e  
f req u e n c ie s  o f  o b se rv a tio n , ( iii)  th e  t im e s  o f  m ax im u m  o f  
lo w e r freq u e n c y  b u rs ts  a rc  fo u n d  to  be  b e h in d  th a t o f  I I . 8 
G H z  b u rsts , w h e rea s , th e  tim e s  o f  m ax im a  o f  h ig h e r  freq u e n c y  
b la s ts  a rc  a h ea d  of th a t of 11.8 G H z  b u rs ts . I h u s, th e  h ig h e r  
f req u e n c y  ra d io  b u rs ts  a rc  p ro m p t b u rs ts , w h e re a s , th e  lo w e r 
f r ^ u e n c y  b u rs ts  m ay  b e  tre a te d  a s  d e la y e d  b u rs ts  c o m p a re d  
to l th a l  o f  11.8 G H z.
{ A s th e  v a lu e s  o f  o p tic a l th ic k n e ss  a re  n e a r ly  e q u a l at 
d | i e r e n t  f r e q u e n c ie s ,  it m ay  b e  c o n c lu d e d  th a t  i f  th is  
d i|rec tiv iiy  is c au sed  d u e  Xo a b so rp tio n , th e  h e ig h t o f  th e  
sd u rc e s  m ea su re d  from  th e  c e n tre  o f  th e  sun  d e c re a s e s  w ith  
th e  in c re ase  o f  freq u en cy , f h e  d ilT erences in th e  tim e s  o f  
m a x im a  w ith  re sp e c t to  the  11.8 G H z  b u rs ts  h e lp  us to  
c o n c lu d e  th a t th e re  o c c u rs  an  u p w a rd  e x p a n s io n  o f  th e  
so u rc e , as a re su lt of w h ic h  th e  c f te c tiv e  h e ig h t v a r ie s  w ith  
freq u en cy . T h u s , m ill im e tr ic  b u rs t a rc  g e n e ra te d  fro m  a 
so u rc e  re g io n  w h ic h  lies in a  d e e p e r  leve l o f  th e  so la r  
a tm o s p h e r e ,  w h e r e a s ,  th e  m e t e r - d e c im e te r  b u r s t s  a re  
d e v e lo p e d  in th e  u p p e r  a tm o sp h e re .  B u t a s  a re su lt  o f  
c a ta s tro p h ic  e x p lo s io n  o f  fla re , th e  e n e rg e tic  e le c tro n s  a re  
in je c te d  ver>' q u ic k ly  from  th e  f la re  re g io n  in to  th e  ‘t r a p ’ 
fo rm ed  by the  m ag n e tic  fie ld  o f  a  su n sp o t w h e re  th e  ra d io  
e m is s io n  ta k e s  p la c e  a s  a re su lt  o f  n o n  th e rm a l  g y ro -  
sy n c h ro tro n  (fo r  su b rc la tiv is tic  p a r tic le s )  a n d  sy n c h ro tro n  
( f o r  r e la t iv is t ic  p a r t ic le s )  m e c h a n is m  u n d e r g o in g  in  a 
m a g n e to -a c tiv e  p lasm a  [13 -1 7 ]. T ak in g  in to  c o n s id e ra tio n  
o f  th e se  m ec h an ism s , T a k a k u ra  [18 ] c a lc u la te d  th e  m a g n e tic  
fie ld  o f  the  o rd e r  o f  4 0 0  G at 1.3 10'^ K m  (e ffe c tiv e  h e ig h t
o f  9 .4  G H /  ra d ia tio n )  a n d  100 G at 2 .5  ^ lO"* K m  (e ffe c tiv e  
h e ig h t o f  2 G H z  ra d ia tio n ).
T h e  sh a p e  o f  sp e c tra  in th e  m ill im c te rw a v e  re g io n  is 
fo u n d  to be  e ith e r  d e c re a s in g  o r  in c re a s in g  in n a tu re . F o r  
th e  lU  ty p es  o f  sp e c tra , th e  ta il p a r t w h ich  fa lls  o n  th e  
m illim c te rw a v e  re g io n , a lso  c.vhib its d e c re a s in g  in n a tu re . 
T h e se  re su lts  c o m p ly  w ith  th o se  o f  re c e n t re p o rts  by  so m e  
w o rk e rs  [1 9 ,2 0 ]  w h o  o b ta in e d  a lm o s t s p e c tra l  f la tte n in g  
th ro u g h o u t th e  b u rs ts , fh e s e  e ffe c ts  a re  in te rp re te d  as b e in g  
a  c o n s e q u e n c e  o f  th e  h a rd e n in g  o f  th e  e le c tro n  e n e rg y  
sp e c tru m  in th e  d e c a y  p h a se  o f  b u rs ts . A s a m o s t lik e ly  
re a so n  fo r su c h  a h a rd e n in g  th ey  c o n s id e r  c o u lo m b  c o llis io n s  
on  e n e rg e tic  e le c tro n s  c o n tin u o u s ly  in je c te d  a n d  tra p p e d  in 
a f la r in g  lo o p .
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